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F O R E W O R D  
Ways i n  which t h e  demand f o r  energy and o t h e r  
b a s i c  r e sources  can be lessened by more a p p r o p r i a t e  
urban des ign  a r e  developing as  a con t inu in?  theme of 
IIASA's P r o j e c t  on t h e  Management of Urban and Reqional 
Systems. It is a  theme which c ross -cu t s  and i n t e g r a t e s  
many of  t h e  o t h e r  concerns of t h e  I n s t i t u t e ,  and'from 
comments r ece ived  from n a t i o n a l  member o r g a n i z a t i o n s ,  it  
i s  o f  cons ide rab le  i n t e r e s t  t o  persons  charged wi th  t h e  
formulat ion and implementation of  urban plans .  
A s  t h e  f i r s t  formal f r u i t  of  o u r  developing 
cooperat ion wi th  o t h e r  r e sea rch  groups s h a r i n g  t h e s e  
i n t e r e s t s ,  we a r e  p leased indeed t o  p r e s e n t  t h i s  summary 
and s y n t h e s i s  of  work on t h e  r e l a t i o n  between urban land 
use  and environmental  q u a l i t y  c a r r i e d  o u t  by a  team under 
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of  t h e  Geography Department and Di rec to r  of  t h e  Center f o r  
Urban S t u d i e s  a t  Chicago, a l s o  f i n d s  t ime t o  s e r v e  a s  a  
member of  t h e  I n t e r n a t i o n a l  Advisory Committee on IIASA's 
urban work. 
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I. CONCLUSIONS 
The principal finding of this study is that urban 
form plays a significant role in translating basic city 
characteristics, such as size, economic base and income 
levels, into land use, and that the land use pattern is 
directly related to the nature and intensity of environ- 
mental pollution. Hence, urban form is a significant vari- 
able in pollution relationships, viz: 
(1) After taking into account, size, density, eco- 
nomic functions, etc. a core-oriented radially- 
structured urban form reduces pollution levels, 
while a dispersed pattern of low-density urban 
sprawl increases them. 
But the study also shows that: 
(2) The net benefits of urban life, as indexed by 
aggregate property values and therefore including 
agglomeration economies and net of neqative ex- 
ternalities, are greater in more dispersed 
urban regions. 
The resulting land use policy problem is that the urban forms 
that are emerging are responses to the greater aggregate 
net benefits of the more dispersed forms. Decentrali- 
zation is therefore continuing apace, but with the obvious 
consequence of increasing the nation's environmental quality 
problems. There is a fundamental conflict, therefore, 
between an economically-desirable urban form as indicated 
by the aggregate choices of individual Americans and that 
form which might be most desirable from the viewpoint of 
the environment. 
11. PREFACE 
A few words o f  background a r e  impor t an t .  Under t h e  pro-  
v i s i o n s  o f  P r o j e c t  N0.R-801419, "Land Use Forms and t h e  Envi- 
ronment ,"  unde r t aken  f o r  t h e  Environmental  P r o t e c t i o n  Agency 
by a  r e s e a r c h  group a t  t h e  U n i v e r s i t y  o f  Chicago,  a  voluminous 
f i n a l  r e p o r t  was submi t t ed  t o  EPA i n  November 1973. This  r e -  
p o r t  w i l l  be  pub l i shed  i n  A p r i l  1974 under  t h e  t i t l e  Land Use, 
Urban Form and Environmental  Q u a l i t y  (The U n i v e r s i t y  o f  Chicago:  
Department o f  Geography Research  Paper  No. 155,  1974. x x i v  and 
438 pages ,  144 t a b l e s ,  107 f i g u r e s ,  r e f e r e n c e s ) .  I t  was f e l t  by 
t h e  Agency s t a f f  t h a t  the r e p o r t  was t o o  l o n g  f o r  wide c i r c u -  
l a t i o n  w i t h i n  t h e  Agency w i t h  any l i k e l i h o o d  o f  be ing  r e a d  i n  
d e t a i l ,  and s o  a  much b r i e f e r  " execu t ive  summary" was r e q u e s t e d  
h i g h l i g h t i n g  t h e  p r i n c i p a l  c o n c l u s i o n s .  T h i s  i s  t h a t  summary. 
I t  i s  i m p o r t a n t  t o  r e a l i z e  what is  summarized and what has  
been excluded from t h e  pages t h a t  fo l low.  When o u r  r e s e a r c h  
began i n  t h e  summer of  1972 w e  sea rched  i n  v a i n  f o r  sources- -  
b o t h  w r i t t e n  and Agency--to which w e  c o u l d  t u r n  f o r  r e a s o n a b l y  
compact gu ides  t o  t h e  n a t u r e  and s o u r c e s  o f  each  t y p e  o f  env i -  
ronmental  p o l l u t i o n ,  t o  t h e  measurement sys tems and s u r v e i l -  
l a n c e  ne tworks  now i n  u s e ,  t o  t h e  d a t a  c u r r e n t l y  a v a i l a b l e ,  
t o  t h e  la tes t  i n fo rma t ion  o n  e f f l u e n t  s o u r c e s  and amounts, t o  
t h e  i n c i d e n c e  o f  p o l l u t i o n ,  t o  a s ses smen t s  o f  q u a l i t y  i n  t e r m s  
o f  n a t i o n a l  and/or  l o c a l  s t a n d a r d s ,  and t o  what i s  known a b o u t  
h e a l t h  and w e l f a r e  e f f e c t s  o f  p o l l u t i o n ,  t h e  presumed b a s i s  of  
t h e  s t andards .  A s  might have been expected,  t h e  sea rch  was 
i n  va in .  NO agency has  t h e  r e s p o n s i b i l i t y  f o r  drawing t o g e t h e r  
what i s  known and t h u s  none does;  n o r ,  wi th  a few no tab le  ex- 
c e p t i o n s ,  have p r o f e s s i o n a l s  done t h e  job. 
There fo re ,  f o r  each a s p e c t  of environmental  q u a l i t y  we 
were expected t o  address  i n  our  r e sea rch- -a i r ,  wa te r ,  s o l i d  
wastes ,  n o i s e ,  p e s t i c i d e s  and radiat ion--we c u l l e d  t h e  l i t e r -  
a t u r e ,  badgered t h e  r e l e v a n t  o r g a n i z a t i o n s  and agenc ies ,  and 
p u l l e d  t o g e t h e r  o u r  own summary and assessment of  c u r r e n t  pol-  
l u t a n t  d a t a  sources  and environmental  q u a l i t y  assessment sys- 
tems. S i x  c h a p t e r s  of  t h e  l a r g e r  r e p o r t ,  one f o r  each p o l l u -  
t a n t ,  a r e  devoted t o  t h e s e  summaries. The 250 pages involved 
provide  a n  i d e n t i c a l l y - s t r u c t u r e d  t r ea tment  of each p o l l u t a n t ,  
looking i n  t u r n  a t  measurement systems,  g e n e r a t i o n  informat ion,  
q u a l i t y  assessment,  and h e a l t h  and w e l f a r e  e f f e c t s .  The per-  
son who needs t h e  kind of r e f e r e n c e  system and background know- 
l edge  t h a t  we found t o  be l ack ing  when we began our  r e s e a r c h  
should t u r n  t o  t h e  l a r g e r  r e p o r t ,  because t h e s e  background ma- 
t e r i a l s  w i l l  = be reviewed i n  t h i s  summary. 
I n s t e a d ,  t h i s  document focusses  on t h e  o r i g i n a l  f i n d i n g s  
of t h e  r e s e a r c h  group, comprising f a c u l t y  members and s t u d e n t s  
i n    he Department of  Geography and/or Center f o r  Urban S t u d i e s  
of The Univers i ty  o f  Chicago. The f i n d i n g s  r e l a t e  urban form 
and environmental  p o l l u t i o n  ( a )  a c r o s s  t h e  spectrum of U.S. 
me t ropo l i t an  a r e a s  considered a s  e n t i t i e s ,  and (b)  on a more 
d e t a i l e d  b a s i s  w i t h i n  t h e s e  urban r e g i o n s ,  a t  a  p o i n t  i n  t ime 
c e n t e r i n g  o n  the 1970 census  yea r .  I n  both  c a s e s ,  t h e  r e s e a r c h  
involved pa ins tak ing  d a t a  c o l l e c t i o n  and many exper imenta l  s t a -  
t i s t i c a l  ana lyses .  Again, t h e  d e t a i l s  of t h i s  e f f o r t  w i l l  n o t  
be  addressed in t h i s  summary; t h e  f u l l  r e p o r t  i s  t h e  p lace  f o r  
t h e s e .  Rather, w e  w i l l  h i g h l i g h t  t h e  r e s u l t s  t h a t  appear  t o  
hold  most s i g n i f i c a n c e  f o r  p u b l i c  p o l i c i e s  t h a t  invo lve  t h e  r e l a -  
t i o n s h i p  between l and  use ,  urban form and environmental  q u a l i t y .  
Because this is  a  summary, many of t h e  obvious c a v e a t s  
about  d a t a  q u a l i t y ,  gaps i n  knowledge, and t h e  l i k e  w i l l  r e -  
main unsaid .  Y e t  lest t h e r e  be any doubts  about t h e  m a t t e r ,  
t h e  r e s e a r c h  g roup ' s  f e e l i n g s  should be known a t  t h e  o u t s e t :  
c o l l e c t i o n  of d a t a  on environmental  q u a l i t y  i s  i n  a  p r i m i t i v e  
s t a t e  a t  t h i s  time. Gaps and i n c o n s i s t e n c i e s  abound. The 
n a t i o n ' s  environmental  d a t a  banks use t h e  moni tor ing networks 
now a v a i l a b l e  s e l e c t i v e l y  and incomplete ly  (as  i n  t h e  c a s e  of  
t h e  Nat ional  A i r  S u r v e i l l a n c e  Network) o r  they  assemble a l l  
a v a i l a b l e  d a t a ,  r e g a r d l e s s  of source ,  completeness o r  q u a l i t y  
i n t o  a  poor ly-funct ioning d a t a  bank (as  i n  t h e  c a s e  of  t h e  
sTORET system f o r  water q u a l i t y ) .  I n  o t h e r  c a s e s ,  compara- 
t i v e  nationwide informat ion i s  t o t a l l y  l a c k i n g  ( s o l i d  wastes 
and n o i s e ) ,  o r  i s  a t  a  s c a l e  t h a t  does no t  permit  d e t a i l e d  
i n v e s t i g a t i o n  of  t h e  e f f e c t s  of d i f f e r e n t  urban forms on envi-  
ronmental q u a l i t y  Cpesticides and r a d i a t i o n ) .  Much e f f o r t  on 
the environmental information side will have to be expended 
before research of the kind we report here can progress be- 
yond the exploratory and experimental stage. That such ef- 
fort might be well-spent is, however, indicated by our re- 
sults: we do find, subject to all the qualifications above, 
that different urban forms have significant incremental ef- 
fects on environmental quality. 
111. CONCEPTS AND DATA 
The finding that urban form does have significant incre- 
mental effects on environmental quality is to be understood 
within the framework of a conceptual schema that was used to 
structure the research, and a body of data that was used to 
assess the validity of the concepts. 
Figure 1 details one of the overarchinq concepts, and 
Figure 2 the second. We believed there to he substantial rea- 
son in urban economic theory for arguing that the key ele- 
ments of an urban region's economic base are determined by the ecoi 
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T H E  L I N K S  BETWEEN T H E  URBAN ECONOMY, 
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omic role played by the urban region in the nation's economy. 
The economic base, in turn, determines the metropolitan growth 
rate, size, income levels, demographic structure, and the lev- 
el and pattern of urban population densities. We also felt it 
to be obvious that within urban regions, land uses are the 
sources of effluents and that, knowing locations of land uses 
and generation factors, patterns of residuals discharges can 
be charted and, via diffusion, dispersion or transport mechan- 
isms, related to the pollution patterns observed by a surveil- 
lance network. 
Urban form was conceived as playing an important role 
in translating city characteristics into land use. The trans- 
port'network, for example, helps determine the location of 
economic activities and residences. Whether or not the in- 
herited urban structure is highly concentrated or dispersed 
determines the land supply, and whether, at any given level of 
aggregate demand, land is used intensively or extensively. 
Concentration and dispersion, in turn, both result from and 
help determine the transportation patterns and modal mixes 
of the metropolitan region and, along with the size and afflu- 
ence of a community, are reflected in the pattern of urban 
densities. 
In turn, land use determiries land values, and others 
have shown that environmental pollution reduces these values, 
for--given well-functioning markets--the price of land and the 
c a p i t a l  a s s e t s  loca ted  on it w i l l  equal  t h e  p r e s e n t  va lue  of 
t h e  a n t i c i p a t e d  f u t u r e  s t ream of  n e t  b e n e f i t s  expected t o  f low 
over  the u s e f u l  l i f e  o f  t h e  a s s e t s .  I f  t h i s  is  t r u e  f o r  i n d i -  
v i d u a l  p r o p e r t i e s ,  it should a l s o  be t r u e  of a l l  p r o p e r t i e s  
w i t h i n  an urban region:  aggregate  land va lues  should inc lude  
t h e  agglomerationeconomies of l a r g e  urban complexes, and 
should be the  n e t  of d i s b e n e f i t s  such a s  t h e  negat ive  e x t e r n a l i -  
t i e s  imposed by discharge  of p o l l u t a n t s  i n t o  t h e  urban environ- 
ment. Fur the r ,  h igh va lues  should accrue t o  t h e  comparative 
advantage of t h e  urban reg ion  i n  t h e  n a t i o n a l  economy, whi le  
low va lues  r e s u l t i n g  from higher  l e v e l s  of environmental pol-  
l u t i o n  should d e t r a c t  from t h i s  comparative advantage. 
The o v e r a l l  conceptual  model dep ic ted  i n  Figure  1 thus  
p o s t u l a t e s  t h a t  metropol i tan  c h a r a c t e r i s t i c s  a r e  t h e  d e t e r -  
minants of land use ,  wi th  an in te rven ing  r o l e  played by urban 
form. Land use i s  seen a s  determining l and  v a l u e s ,  b u t  t h e  
land use  p a t t e r n  i s ,  i n  t u r n ,  a l s o  seen t o  be t h e  source o f  
t h e  environmental p o l l u t i o n  t h a t  reduces t h e s e  va lues  a t  t h e  
aggregate  l e v e l  of  t h e  metropol i tan  reg ion ,  and t h e  determi- 
nant--as shown i n  Figure  2--of t h e  p o l l u t i o n  map t h a t  pre- 
s c r i b e s  where, and on whom, t h e  incidence of nega t ive  e x t e r -  
n a l i t i e s  i s  g r e a t e s t  wi th in  each met ropo l i t an  a r e a .  Consis- 
t e n t  wi th  t h i s  conceptual  model, t h e  resea rch  s t r a t e g y  a t  t h e  
metropol i tan  s c a l e  was t o  s tudy t h e  following: 
( i ]  Environmental p o l l u t i o n  a s  a f u n c t i o n  of  land 
use ,  land u s e  a s  a f u n c t i o n o f  urban form and c i t y  
c h a r a c t e r i s t i c s ,  and environmental  p o l l u t i o n  a s  a 
f u n c t i o n  of urban form and c i t y  c h a r a c t e r i s t i c s ,  
t o  determine t h e  ways i n  which urban form t r a n s -  
l a t e s  c i t y  c h a r a c t e r i s t i c s  i n t o  l and  use ,  and i t s  
r o l e  t h e r e f o r e  i n  enhancing o r  reducing t h e  envi-  
ronmental p o l l u t i o n  t h a t  r e s u l t s  from urban s i z e ,  
economic base,  d e n s i t i e s ,  income l e v e l s ,  e t c .  
( i i )  Land va lues  a s  a f u n c t i o n  o f  c i t y  c h a r a c t e r i s -  
t i c s ,  urban form and environmental  p o l l u t i o n ,  t o  s e e  
t h e  ways i n  which agglomeration economies and nega- 
t i v e  e x t e r n a l i t i e s  i n t e r t w i n e .  
A t  t h e  in t ra -met ropo l i t an  s c a l e ,  because of s e r i o u s  d a t a  l i m i -  
t a t i o n s ,  t h e  r e s e a r c h  was more experimental ,  designed t o  open 
up l i n e s  of r e s e a r c h  i n q u i r y .  D e t a i l s  of  t h e  urban land use  
p a t t e r n  a r e  r e l a t e d  t o  d e t a i l s  of t h e  p o l l u t i o n  map on a case-  
s tudy  b a s i s .  Only i n  t h e  c a s e  of  a i r  p o l l u t i o n  were compar- 
i s o n s  of  s e v e r a l  me t ropo l i t an  a r e a s  p o s s i b l e .  
A Nationwide Data S e t  
W e  at tempted t o  assemble t h e  b e s t  d a t a  s e t  p o s s i b l e .  
A f t e r  much e x p l o r a t i o n ,  it was found t h a t  76 was t h e  g r e a t -  
e s t  p o s s i b l e  number of me t ropo l i t an  reg ions  t h a t  could be 
included i n  t h e  s tudy ,  because of l i m i t e d  a v a i l a b i l i t y  of 













































































These 76 metropolitan areas are located in Figure 3. For as 
many of these regions as possible, the data listed in Table 1 
were collected. Details will be found in the main report. 

TABLE 1 
LIST OF VARIABLES WITH UNITS OF MEASUREMENT 
V a r i a b l e  Un i t  o f  Measurement 
1. CITY CHARACTERISTICS 
1970 C i t y  P o p u l a t i o n  
SMSA P o p u l a t i o n  
C i t y  Dens i ty  
SMSA Dens i ty  
1960-70 Popu la t ion  Change, CITY 
P o p u l a t i o n  Change, SMSA 
1970 Median Age o f  P o p u l a t i o n ,  
CITY 
Median Age o f  Popu la t ion ,  
SMSA 
Median Family Income 
P e r c e n t  o f  Labor Force  
Employed i n  Manufac- 
t u r  i n g  
Land Area,  CITY 
Land Area,  SMSA 
1967 T o t a l  Value  o f  Real  
E s t a t e ,  SMSA 
1 0 0 0 ' s  
1 0 0 0 ' s  
Pop./sq/mile 
Pop. / sq /mi le  
p e r c e n t  
p e r c e n t  
y e a r s  o f  a g e  
y e a r s  o f  age  
$ 
p e r c e n t  
s q .  m i l e s  
s q .  m i l e s  
2.  URBAN FORM INDICATORS 
Degrees o f  Arc o f  SPlSA around CBD o0 t o  360° 
Dens i ty  R a t i o  (SMSA d e n s i t y / c i t y  
d e n s i t y ?  x  100 
T r a n s p o r t a t i o n  R a d i a l s ,  SMSA number 
T r a n s p o r t a t i o n  C i r c u m f e r e n t i a l s ,  
SMSA number 
3.  A I R  POLLUTANTS 
S u l f u r  Dioxide  
T o t a l  Suspended P a r t i c u l a t e s  
(a)  AnnuaJ Mean 
(,g/m 
(b)  Annual Maximum 
(,g/m3 
( a )  Annual Mean 
( , , d m 3  
(b)  Annual Maximum 
( ,dm3 
4 .  A I R  QUALITY INDEXES 
M i t r e  A i r  Q u a l i t y  Index (MAQI) : 
( a )  SO2 index  numbers 
(b)  TSP index  numbers 
(c)  NO2 index  numbers 
(d)  A l l  p o l l u t a n t s  i ndex  numbers 
TABLE 1 ( c o n t ' d )  
V a r i a b l e  U n i t  o f  Measurement 
4 .  A I R  QUALITY INDEXES ( c o n t ' d )  
Extreme Value  Index 
(a1 SO, 
Cb) TSP 
( c )  A l l  P o l l u t a n t s  
5. WATER CHARACTERISTICS 
Temperature 
Color  (P la t inun-Cobal t  U n i t s )  
~ u r b i d i t y  
PH 
Feca l  Col i form B a c t e r i a  
T o t a l  Dissolved  S o l i d  
Suspended S o l i d s  
T o t a l  N i t rogen  
A l k a l i n i t y  ( a s  CaC] ) 
Hardness (Ca, Mg) 
C h l o r i d e s  
T o t a l  I r o n  and Manganese 
S u l f a t e  
Dissolved  Oxygen 
index  numbers 
i ndex  numbers 
i ndex  numbers 
OF 
P-C u n i t s  
JTU ' s 
pH v a l u e s  
MPN/100 m l .  










6. WATER QUALITY INDEXES 
Water Q u a l i t y  Index,  Dr inking  U s e  
(PI1) i n d e x  numbers 
Water Q u a l i t y  Index,  Rec rea t ion  U s e  
(PI 2 ,  i ndex  numbers 
Water Q u a l i t y  Index,  I n d u s t r i a l  U s e  
( P I 3 )  i ndex  numbers 
Mean Water Q u a l i t y  Index (of above 3 )  i ndex  numbers 
7. SOLID WASTE ESTIMATES 
Single-Family Source U n i t s ,  
SMSA 1 0 0 0 ' s  
Multi-Family Source  U n i t s ,  
SMSA 1 0 0 0 ' s  
Manufacturing Employees, 
SMS A 1000 ' s  
T o t a l  S o l i d  Waste i n  Tons p e r  Year: 
Single-Family (S.F.S.U. x 1 0 0 0 ' s  t ons /yea r  
2858 l b s / y e a r )  
Multi-Family (M.F.S.U. x 
1315 l b s / y e a r )  1 0 0 0 ' s  t ons /yea r  
Commercial CSMSA Pop x 
3.5 lbs /cap/day)  1 0 0 0 ' s  t ons /yea r  
Manufacturing (MFG emp x 
7.6 t o n s / y e a r )  1 0 0 0 ' s  t ons /yea r  
TABLE 1 (cont 'd)  
Variable Unit of Measurement 
7. SOLID WASTE ESTIMATES (cont 'd)  
Demolition and Construction 
6 0 0  lbs/cap/ycar) 1000's tons/year 
Sewage (SMSA Pop x 8 7.1 
lbs/cav/vear l 1000's tons/year 
Simple Sol id  Waste Generation 
Figure lbs/cap/day 
Total ca lcu la ted  from simple 
s o l i d  waste generat ion 
f i gu re  1000's tons/year 
Total  ca lcu la ted  from summation 
of generat ion f i gu re s  f o r  
spec i f i c  uses 1000's tons/year 
Same a s  above, but  omit t ing 
manufacturing 1000's tons/year 
8. SURROGATES FOR NOISE 
Automobile T ra f f i c  Volume 
A i r  Tra f f i c  Volume 







Total  Bromides 
Lindane 
Kelthane 
1 0 .  RAD IAT TON 
Gross Beta Radioact ivi ty ,  Max. 
Gross Beta Radioact ivi ty ,  Ave. 
Beta Radioact ivi ty  Deposition 
11. LAND USE 
Resident ia l  
Commercial 
I ndus t r i a l  
Ext rac t ive  
Public and Semipublic 
Transportat ion,  Communications, 
U t i l i t i e s  (TCU) 
Open Space 
No. of workers 
using p r iva t e  auto- 
mobiles i n  commuta- 
t i o n  t o  work, SMSA 
No. of scheduled a i r -  
c r a f t  a r r i v a l s  and 
depar tures ,  SMSA 
Percentage of t o t a l  a rea  
Percentage of t o t a l  a rea  
Percentage of t o t a l  a rea  
Percentage of t o t a l  area 
Percentage of t o t a l  area 
Percentage of t o t a l  a rea  
Percentage of t o t a l  area 
This  d a t a  set was used f o r  t h e  met ropo l i t an  s c a l e  a n a l y s i s .  
W e  a l s o  at tempted t o  i n s u r e  t h a t  the d e t a i l e d  i n t r a -  
me t ropo l i t an  s t u d i e s  would be  undertaken f o r  a  series of c a s e s  
r e p r e s e n t a t i v e  of  t h e  u n i v e r s e  of  76 reg ions .  Therefore ,  a  
f a c t o r  a n a l y s i s  procedure was used t o  c l a s s i f y  t h e  76 r e g i o n s  
i n t o  s u b s e t s ,  each of  which conta ined a  group of c i t i e s  w i t h  
r e l a t i v e l y  s i m i l a r  p o l l u t i o n  problems, v i z :  
Fac to r  
1+ At lan ta  N e w  Orleans  
Boston New York 
Columbus San Antonio 
Da l l as  San Diego 
D e t r o i t  San Franc i sco  
F o r t  Worth San J o s e  
Houston 
Miami 
S e a t t l e  
Tampa-St. Pe te r sburg  
Chattanooga Omaha 
Dayton Reading 
Des Moines Utica-Rome 
Gary-Hammond Worcester 
==% ~ i t t s b u r g h  Mllwau e e  por t l and  
Minneapolis st. Louis 
Ph i l ade lph ia  
Albuquerque phoenix 
E l  Pas0 Tulsa 
Oklahoma C i t y  Wichita 
Br idgepor t  N e w  Haven 
Cleveland Newark 
Har t ford  providence 
Cincinnati San Bernadino 
Jersey City Syracuse 
Kansas City Wilmington 
Baltimore Los Angeles 
Buff a10 Washington, D.C. 
Indianapolis 
Denver Salt Lake City 
Akron Rochester 





Grand Rapids Patter son 
Jacksonville Richmond 
Louisville Toledo 
Sample cases were selected from each of the groups, both to 
prepare land use estimates for that part of the metropolitan- 
wide analysis, and for the more detailed intra-metropolitan 
inquiries. These cases are underlined in the grouping (above) 
and are identified in Figure 3. 
IV. THE ROLE OF URBAN FORM 
AT METROPOLITAN SCALE 
The conceptual flow in Figure 1 reduces to the followinu: 
Property Values 
Land Use Related to City Characteristics and Urban Form 
We first investigated the relationships of land use 
to city characteristics and urban form using multiple regres- 
sion analysis, with the results noted in Table 2. The pro- 
portion of land use of each type in the metropolitan areas 
was regressed first upon city characteristics alone, and 
then upon city characteristics plus the measures selected 
as indexes of urban form. In all cases except two the co- 
efficient of determination doubled when the urban form 
variables were included in the equations, indicating 
that urban form plays a significant role in translatinq 
city characteristics into land use. The exceptions are 
industrial land use and transport, communication and uti- 
lities (TCU). In economic models, it is commonly assumed 
that industrial location is determined exogenously by the 
role played by a city in the national economy, and that 
TCU represents a key instrument variable that may be 
used to pattern land use, i. e. that 
T A B L E  2 
W\ND U S E  A S  A FUNCTION O P  C I T Y  C R A R R C T E R I S T I C S  
D E P E N D m  V A R I A B L E S  (7x2 R E G R E S S I O N  EQUATIONS) 
INDEPENDENT 
V A R I A B L E S  LOG R E S I D E N T I A L  LOC C O C ( H E X 1 A L  LOG I N D U S T R I A L  LCG E X T R A C T I V E  LCG P U B L I C  U S E S  50G T . C . U .  LOG OPEN S P A C E  
LOG S H S A  .232l .609' .I60 .756* .576* .621 .688 .975 .592* .367 -.349 -.372 -.057 -.124* 
POPULATION (1.350)~ (2.798) (.a511 (3.431) (2.554) (1.304) (1.529) (1.489) (2.455) ( .798) (-1.245) (-.672) (-1.396) (-2.674) 
LOG D E N S I T Y  -.lo5 -.092 -.OD2 -.020 -.312 -.329 -.899' -.826' -.007 -.056 -.005 -.O85 .243 .025 
R A T I O  (-.735) (-.894) (-.014) (.lag)(-1.673) (-1.460) (-2.415) (-2.663) (-.329) (-.259) (-.201) (-.325) (.717) (1.142) 
LOG IILDIAN -.218 -2.134' .674 -1.628 -2.642 -3.960 -2.378 -2.039 -.626 .493 .799 -1.335 .18O .710b 
F A N I L Y  INCOKE (-.I721 (-1.754). (.186) (-1.320)(-1.590) (-1.486) (-.717) (-.556) (-,352) (.191) (.307) (-.431) (.596) (2.741) 
LOG PERCLTT .I79 .921 .I20 -.135 -.042 -.001 .769 .860 -.31y 2 .028 .152 -.ole -.old* 




RAD I A L  -.001 -.161b .004 -.Ole .086 .037 .011 
HIGHWAYS (-1.470) (-2.880) (.336) (-.108) u.739) (.266) c.943) 
CIRCUMFERENTIAL .212* .287* ,122 -.040 -.I49 .183 -.054' 
HIGHWAYS (2.431) (3.237) (.635) (-.I541 (--806) (.824) (-2.895) 
1.397 17.524 10.487 -6.756 8.792 15.970 8.791 16.202 3.070 -1.285 
I N T E R C E P T  (.213i (1.634) (.965) -.298 (.272) (.544) (.272) f.593) (1.147) (-.565) 
C O E F F I C I E N T  O F  
DETERMINATION .420 .El7 .318 .El5 .540 .851 .647 .852 .597 .711 .202 .383 .goo .823 
NOTES: 1. Regression coefficient 
2. t-statintic 
i n d u s t r y  and t r a n s p o r t a t i o n  a r e  de te rminan t s  of urban s t r u c -  
t u r e  r a t h e r  t h a n  being determined by it. The r e g r e s s i o n  re- 
s u l t s  confirm t h i s  common assumption. 
A s  f o r  t h e  o t h e r  l and  uses ,  t h e  important  i n t e r v e n i n g  
r o l e  o f  urban form i n  determining t h e  urban l and  use  mix i s  
c l e a r .  For example, t h e  percentage o f  land used f o r  r e s iden-  
t i a l  purposes  v a r i e s  d i r e c t l y  w i t h  SMSA popula t ion ,  w i t h  a  1.0 
p e r c e n t  change i n  popu la t ion  producing an 0.6 pe rcen t  change 
i n  t h e  r e s i d e n t i a l  percentage,  i n v e r s e l y  w i t h  income l e v e l s ,  
and p o s i t i v e l y  w i t h  manufacturing employment. The less- than-  
p r o p o r t i o n a t e  r a t e  of  i n c r e a s e  of  r e s i d e n t i a l  l and  use  w i t h  
c i t y  s i z e  is  commensurate wi th  t h e  f a c t  t h a t  c i t y  a r e a  a l s o  
i n c r e a s e s  a t  a  slower r a t e  than  urban popu la t ion ,  producing 
inc reased  r e s i d e n t i a l  d e n s i t i e s ,  and i s  borne o u t  by t h e  i n -  
v e r s e  r e l a t i o n s h i p  t h a t  e x i s t s  between t h e  r e s i d e n t i a l  percen- 
t a g e  and t h e  d e n s i t y  r a t i o :  t h e  percentage of r e s i d e n t i a l  
land i n c r e a s e s  a s  t h e  d e n s i t y  r a t i o  f a l l s .  The d e n s i t y  r a t i o  
f a l l s  when c e n t r a l  c i t y  d e n s i t i e s  a r e  h igh  r e l a t i v e  t o  SMSA 
d e n s i t i e s  ( i . e . ,  a  s i t u a t i o n  i n  which t h e  popu la t ion  d e n s i t y  
g r a d i e n t  is  r e l a t i v e l y  s t e e p  and t h e  popu la t ion  of t h e  urban 
a r e a  i s  c o r e - o r i e n t e d ) .  I n  o t h e r  words, h igher  c e n t r a l  c i t y  
d e n s i t i e s  produce more i n t e n s i v e  l and  u s e  and a  r e l a t i v e l y  
lower r e s i d e n t i a l  pe rcen t .  
The g r e a t e s t  e l a s t i c i t y  of  r e s i d e n t i a l  l and  use  i s  w i t h  
r e s p e c t  t o  median incomes; a  1 .0  p e r c e n t  i n c r e a s e  i n  incomes 
4 
is  a s s o c i a t e d  w i t h  a  2 .1  percentage p o i n t  dec rease  i n  resi- 
d e n t i a l  land use .  Looking a t  t h e  o t h e r  e q u a t i o n s ,  t h e  compen- 
s a t i n g  f a c t o r  i s  open space:  t h e  g r e a t e r  t h e  median income 
of  a  community, t h e  g r e a t e r  t h e  open space ,  commensurate wi th  
n a t i o n a l  a t t i t u d e s  regard ing  t h e  q u a l i t y  of  l i f e .  
The in te rven ing  r o l e  of  t h e  t h r e e  urban form v a r i a b l e s  
r e v e a l s  t h e  s p e c i f i c  mechanics of  t r a n s l a t i o n  of  c i t y  charac-  
t e r i s t i c s  i n t o  land use.  A p o s i t i v e  r e l a t i o n s h i p  i s  seen be- 
tween t h e  r e s i d e n t i a l  percentage and t h e  degrees  of  a r c  o f  a  
c i t y .  The higher  t h e  degrees  of  a r c ,  t h e  more a r e a  i s  a v a i l -  
a b l e  f o r  r e s i d e n t i a l  development, and t h e  more e x t e n s i v e  i s  
land use.  On t h e  o t h e r  hand, r e s i d e n t i a l  land use  v a r i e s  
i n v e r s e l y  wi th  t h e  number of  r a d i a l s .  P lanners  have advocated 
t h e  use  of  a  r a d i a l  urban des ign  t o  c u t  down on urban sprawl.  
By concen t ra t ing  development a long t h e  r a d i a l s ,  o r  " f i n g e r s , "  
and r e s t r i c t i n g  t h e  uses  of  t h e  "wedges" between t h e s e  f i n g e r s ,  
according t o  t h e  argument, larid development might be conf ined 
t o  t h e  e a s i l y  a c c e s s i b l e  a r e a s  along t h e  f i n g e r s .  The i n v e r s e  
r e l a t i o n s h i p  shown here  suppor t s  t h i s  argument, a s  does  t h e  
p o s i t i v e  r e l a t i o n s h i p  of t h e  r e s i d e n t i a l  percentage t o  t h e  
number of cf - rcumferent ia l  highways. An inc reased  number of  
c i r c u m f e r e n t i a l s  promotes r e s i d e n t i a l  sprawl.  
What a r e  t h e  mechanics of  t h e s e  urban form r e l a t i o n s h i p s ?  
What i s  i n d i c a t e d  i s  t h a t  t h e  demand f o r  urban land i s  d e t e r -  
mined exogenously by t h e  r o l e  t h a t  t h e  c i t y  p lays  i n  t h e  na- 
tional economy. From such exogenous relationships arise the 
industry mix, growth rate, size, and income levels of the ur- 
ban region. Urban form controls the supply of land of each 
access type available for development. The greatest supply 
of land is delivered by a circular urban region with many cir- 
cumferential highway rings; such supply conditions produce 
residential sprawl. On the other hand a radially-structured 
urban region on a restricted site has higher residential den- 
sities, a steeper density gradient, a lower residential land 
use percentage (and more open space). 
Similar relationships exist for the other land uses. The 
commercial, and extractive percentages increase with city size, 
are lower where the density gradient is steep, decrease with 
community income levels, and increase in manufacturing cities. 
They increase as the urban form approaches circularity, de- 
crease in a radial structure and increase with the number of 
circumferentials. 
Conversely, open space decreases with city size, manufac- 
turing concentrations, and circumferential structure, increases 
with income levels, where the density gradient is steep, and 
with the number of radials, and--the only surprise--decreases 
as the degrees of arc increase. But a moment's reflection eli- 
minates even that surprise. Departures from circularity are 
usually environmentally-determined by lakes and seashore, 
r i v e r s  and mountains, and where such environmental ameni t ies  
e x i s t ,  t h e r e  has  been e f f o r t  t o  preserve them a s  open space. 
Environmental Po l l u t i o n  Related t o  Land Use 
The next l i n k  in t h e  conceptual  diagram t h a t  was explored 
was between environmental p o l l u t i o n  and land use. Several  a i r  
p o l l u t i o n  measures were regressed twice on a s e r i e s  of land 
use percentage v a r i a b l e s ,  t h e  d i f f e r e n c e  between t h e  models i n  
each p a i r  being t h e  e l imina t ion  of t h e  e x t r a c t i v e  land use  per- 
centage and t h e  a d d i t i o n  of  open space i n  the  second equat ion.  
See Table 3. That t h e  power of t h e  model does no t  d i f f e r  i n  
t h e  two vers ions  and t h e  l ack  of s i g n i f i c a n c e  of t h e  open 
space v a r i a b l e  i s  i n d i c a t i v e  of t h e  f a c t  t h a t  presence of 
open space per  s e  does not  reduce environmental p o l l u t i on ;  it 
i s  t h e  type  of land use that determines  p o l l u t i o n  l e v e l s .  
-
That t h e  power of a l l  of t h e  models i s  s u b s t a n t i a l  i n d i ca t e s  
t h a t  land use  does indeed play t h e  important immediate r o l e  
i n  producing environmental p o l l u t i o n .  
That land use i s  indeed a key in te rven ing  v a r i a b l e  was 
confirmed by regress ing  each of 1 4  d i f f e r e n t  a i r  and water 
p o l l u t i o n  v a r i a b l e s  d i r e c t l y  on c i t y  c h a r a c t e r i s t i c s  and urban 
form v a r i ab l e s ,  skipping land use .  In  a l l  c a se s ,  t h e  r e s u l t s  
were q u i t e  poor. C o e f f i c i e n t s  of determinat ion ranged from 
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and inc reased  on ly  t o  0.18 t o  0.43 when t h e  urban form v a r i -  
a b l e s  w e r e  added, r e v e a l i n g  that urban forms a r e  expressed i n  
environmental  p o l l u t i o n  on ly  through the i n t e r v e n i n g  r o l e  of  
l and  use ,  j u s t  a s  urban form, i n  t u r n ,  t r a n s l a t e s  c i t y  charac-  
t e r i s t i c s  i n t o  l and  use.  B a s i c a l l y ,  s i z e ,  manufacturing con- 
c e n t r a t i o n s  and low incomes, combined w i t h  urban c o n f i g u r a t i o n s  
t h a t  pe rmi t  e x t e n s i v e  sprawl ,  produce l and  use  mixes t h a t  have 
a s s o c i a t e d  wi th  them t h e  g r e a t e s t  a i r  p o l l u t i o n .  There were 
a l s o  some i n d i c a t i o n s  i n  t h e  r e s e a r c h  m a t e r i a l s  assembled t h a t  
t h e  same was t r u e  f o r  water p o l l u t i o n ,  n o i s e  and s o l i d  wastes .  
P roper ty  Value Re la t ionsh ips  
A somewhat more s t r u c t u r e d  approach was taken i n  r e l a t i n g  
aggrega te  met ropo l i t an  p roper ty  va lues  t o  agglomeration econ- 
omies and t o  nega t ive  e x t e r n a l i t i e s  produced by environmental  
p o l l u t i o n ,  because a  previous  r e s e a r c h  group a t  Harvard Uni- 
v e r s i t y  l e d  by J .  R. H a r r i s  and D. Wheeler had produced r e -  
s u l t s  t h a t  could be used a s  a  p o i n t  o f  depar tu re .  H a r r i s  and 
Wheeler had pointed o u t  t h a t  t h e  n e t  b e n e f i t s  of  urban l i f e  
should ,  f i r s t  of a l l ,  vary  d i r e c t l y  wi th  t h e  s i z e  of t h e  metro- 
p o l i s .  The l a r g e r  t h e  c i t y ,  t h e  g r e a t e r  t h e  s i z e  o f  market 
t h a t  can be reached,  t h e  g r e a t e r  t h e  access  t o  informat ion 
about  new produc t s  and p rocesses ,  t h e  b e t t e r  t h e  access  t o  a  
wide range of  s p e c i a l i z e d  s u p p l i e r s ,  and t h e  e a s i e r  it i s  t o  
r e c r u i t  and r e t a i n  a  s p e c i a l i z e d  workforce i n  l a r g e r  c i t i e s .  
I n  i n d u s t r i e s  marked by u n c e r t a i n  and f l u c t u a t i n g  demands, 
t h e r e  are advantages in being l o c a t e d  i n  a  c i t y  where specia-  
l i z e d  i n p u t s  can  be ob ta ined  quickly .  For households, t h e r e  
a r e  advantages of a  l a r g e r  range o f  p o t e n t i a l  employment op- 
p o r t u n i t i e s ,  v a r i e d  and s p e c i a l i z e d  sources  o f  consumer goods 
and s e r v i c e s ,  and access  t o  those  c u l t u r a l  a c t i v i t i e s  t h a t  
a r e  a v a i l a b l e  o n l y  i n  t h e  l a r g e r  c i t i e s .  
Such b e n e f i t s  should become mani fes t  through improved 
p r o d u c t i v i t y  and a  r e s u l t i n g  s t ream of n e t  b e n e f i t s  t h a t  
t h e r e f o r e  i n c r e a s e s  d i r e c t l y  wi th  c i t y  s i z e .  Given well-func- 
t i o n i n g  markets,  t h e  p r i c e  o f  any c a p i t a l  a s s e t  w i l l  equal  
t h e  p r e s e n t  v a l u e  of t h e  a n t i c i p a t e d  f u t u r e  stream of n e t  
b e n e f i t s  over  t h e  u s e f u l  l i f e  of t h e  a s s e t .  Thus, summing 
over  t h e  p r o p e r t i e s  wi th in  any metropol i tan  a r e a ,  aggregate  
p roper ty  va lues  should provide a  f i r s t  approximation t o  t h e  
stream of n e t  b e n e f i t s  expected t o  acc rue  t o  l and  u s e r s  with- 
i n  t h a t  a r e a ,  and a means of e s t i m a t i n g  t h e  e f f e c t s  o f  econ- 
omics of agglomeration on those  b e n e f i t s .  I n  o t h e r  words, 
t h e  market f o r  land and p roper ty  wi th in  urban a r e a s  should 
c a p t u r e  and express  t h e  n e t  b e n e f i t s  of urban growth. 
~f t h i s  i s  so ,  then one ques t ion  t h a t  a r i s e s  i s  whether,  
s i n c e  urban form a f f e c t s  land use ,  t h e  s t ream of n e t  b e n e f i t s  
v a r i e s  wi th  d i f f e r e n c e s  i n  urban form. Urban planners  f r e -  
quen t ly  argue,  f o r  example, t h a t  d i s o r d e r l y  urban sprawl des- 
t r o y s  property values.  A second quest ion is whether these  
b e n e f i t s  are reduced by environmental po l lu t ion .  Both econ- 
omies and diseconomies of agglomeration w i l l  come i n t o  play 
with increasing metropolitan s i z e .  New a c t i v i t i e s  provide 
addi t iona l  oppor tun i t ies  fo r  spec i a l i za t i on  o r  i n t eg ra t i on  
of a c t i v i t i e s  o r  improved q u a l i t y  of information. These can 
be e i t h e r  pecuniary o r  physical  ex te rna l  economies i n  produc- 
t i o n  o r  consumption. I f  t he re  a r e  s ca l e  economies i n  provi- 
s ion  of public s e rv i ce s ,  addi t iona l  population gives  rise t o  
decreasing average c o s t s  of s e rv i ce s ,  which w i l l  r e s u l t  i n  a 
higher qua l i t y  of se rv ices  per t ax  d o l l a r .  A t  t he  same t i m e ,  
diseconomies of agglomeration w i l l  r e s u l t  from congestion 
and po l lu t i on ,  o r  from decreasing r e tu rns  t o  s ca l e  i n  t he  
public s e rv i ce  sec tor .  
A s e r i e s  of empir ica l ly - tes tab le  proposi t ions a r i s e  from 
the foregoing: 
(1) Aggregate property values  and t o t a l  population 
should move systematical ly  together  i n  t he  ab- 
sence of ne t  economies o r  diseconomies of ag- 
glomeration i n  a l i n e a r  fashion. 
( 2 )  I f  t he re  a r e  ne t  economies of agglomeration over 
some range, property values  w i l l  increase more 
than proport ional ly  with population. 
(3)  With n e t  diseconomies, property values  w i l l  in-  
c rease  less than proport ional ly  with population, 
and i f  diseconomies become s u f f i c i e n t l y  severe,  
property values w i l l  a c tua l ly  dec l ine  a s  popu- 
l a t i o n  increases .  
(4 )  Assuming t h a t  aggrega te  p roper ty  v a l u e s  i n -  
c r e a s e  in  a n  S-shaped l o g i s t i c  p a t t e r n  wi th  
r e s p e c t  t o  popu la t ion ,  it should then  be pos- 
s i b l e  t o  i d e n t i f y  t h a t  p o i n t  a t  which average 
land va lue  pe r  person is maximized, t h e  popula- 
t i o n  s i z e  which i s  opt imal  f o r  a l l  c i t i e s  i n  
t h e  system i n  t h e  long run ,  a s  we l l  a s  t h a t  
p o i n t  [ the lower i n f l e c t i o n  p o i n t )  a t  which 
t h e  marginal  increment i n  l and  value  from pop- 
u l a t i o n  is maximized. Th i s  l a t t e r  p o i n t  i s  
t h a t  s i z e  a t  which t h e  marginal  c o n t r i b u t i o n  
of popula t ion t o  l and  va lues  is  l a r g e s t  i n  t h e  
s h o r t  run.  
(5 )  To t h e  e x t e n t  t h a t  manufacturing c o n c e n t r a t i o n s  
i n c r e a s e  environmental  p o l l u t i o n  and environ- 
mental q u a l i t y  is  b e t t e r  i n  higher-income com- 
muni t i e s ,  t h e s e  v a r i a b l e s  should account f o r  a  
s i g n i f i c a n t  p o r t i o n  of t h e  va r i ance  from (1) . 
( 6 )  I f  t h e  d i s p e r s e d  c i t y ,  holding c o n s t a n t . c i t y  
c h a r a c t e r i s t i c s ,  produces a  land use mix d e l i v -  
e r i n g  lower environmental  q u a l i t y ,  t h i s  should 
be r e f l e c t e d  i n  a p p r o p r i a t e  s t a t i s t i c a l l y - s i g -  
n i f i c a n t  p a r t i a l  r e l a t i o n s h i p s  of  urban form 
and aggregate  land va lues .  
I n  t e s t i n g  t h e  f i r s t  f o u r  p r o p o s i t i o n s ,  a  measure of 
aggrega te  p roper ty  va lues  was d e r i v e d  by Har r i s  and Wheeler 
from assessment d a t a  i n  t h e  Census of Governments, a d j u s t -  
i n g  them toward t r u e  market va lue  us ing  t h e  assessment r a t i o s  
a v a i l a b l e  i n  t h a t  p u b l i c a t i o n .  Aggregate p roper ty  values  
were t h e n  regressed  on a  v a r i e t y  of  c i t y  c h a r a c t e r i s t i c s  t o  
f i n d  t h e  p a r t i a l  r e l a t i o n s h i p  between c i t y  s i z e  and p roper ty  
va lues .  The a n a l y t i c  r e s u l t s  were c o n s i s t e n t  wi th  t h e  idea  
t h a t  t h e r e  a r e  i n c r e a s i n g  and then dec reas ing  economies of 
agglomeration over a  range of popula t ion up t o  about  t h r e e  
m i l l i s n .  It seemed reasonab le  t o  H a r r i s  and Wheeler t o  a r -  
gue t h a t  t h e  assembling of a  l a r g e  l a b o r  pool coupled w i t h  
s c a l e  economies in  the p r o v i s i o n  of some pub l i c  s e r v i c e s  ex- 
p la ined  t h e  zone of  n e t  agglomeration economies, whi le  d i s -  
economies of s c a l e  i n  s e r v i c e s  and r e l a t e d  congest ion-pol lu-  
t i o n  phenomena expla ined t h e  zone of diseconomies of s c a l e .  
W e  repeated and extended t h e  Harris-Wheeler a n a l y s i s  by 
inc lud ing  v a r i a b l e s  r e l a t i n g  t o  urban form and environmental  
p o l l u t i o n .  The dependent v a r i a b l e ,  t o t a l  p roper ty  v a l u e s ,  
was de r ived  i n  t h e  same manner a s  t h e  Harris-Wheeler measure, 
bu t  from t h e  l a t e r  1967 Census of Governments. F igure  4 
shows t h a t  t h e  two measures a r e  c o n s i s t e n t ,  wi th  a  c o n s t a n t  
r a t e  of change apparent  over  t h e  whole s e t  of  c i t i e s .  On 
t h e  l ead ing  edge, wi th  more r a p i d  growth of p roper ty  v a l u e s  
than t h e  n a t i o n ,  a r e  such met ropo l i t an  a r e a s  a s  San Francisco,  
Kansas C i t y  and Ind ianapo l i s .  On t h e  o t h e r  hand, i n  Ph i l a -  
d e l p h i a ,  P i t t s b u r g h ,  Buffa lo ,  J e r s e y  C i t y  and Ut ica ,  they 
a c t u a l l y  dec l ined .  
The independent v a r i a b l e s  a r e  those  used i n  t h e  a n a l y s i s  
r epor ted  i n  t h e  previous  s e c t i o n s .  Ficjure 5 p l o t s  t h e  observed 
p roper ty  v a l u e s  a g a i n s t  me t ropo l i t an  popula t ion.  Our i n t e r -  
est c e n t e r s  on t h e  p a r t i a l  n a t u r e  of t h i s  r e l a t i o n s h i p ,  hold- 
i n g  c o n s t a n t  a  v a r i e t y  of f a c t o r s ,  and on t h e  p o s s i b l e  c o n t r i -  
bu t ions  of urban form and environmental  p o l l u t i o n  t o  t h e  v a r i -  
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Tab le  4 r e c o r d s  t h e  f i r s t  series of  r e g r e s s i o n  r e l a t i o n -  
s h i p s ,  and c l e a r l y  b e a r s  o u t  p r o p o s i t i o n s  (1) and ( 5 ) :  aggre-  
g a t e  p r o p e r t y  v a l u e s  and t o t a l  p o p u l a t i o n  move s y s t e m a t i c a l l y  
t o g e t h e r ,  w i t h  p r o p e r t y  v a l u e s  d e p r e s s e d  by manufac tur ing  
c o n c e n t r a t i o n s  and assuming much h i g h e r  l e v e l s  i n  h i g h e r  i n -  
come communit ies .  H a r r i s  and Wheeler b e l i e v e d  t h a t  t o  t h e  
e x t e n t  t h a t  median incomes r e f l e c t  real-wage d i f f e r e n t i a l s ,  
t h e y  a r e  t h e  n e c e s s a r y  " b r i b e s "  t h a t  must be  p a i d  t o  a t t r a c t  
and r e t a i n  t h e  u rban  l a b o r  f o r c e  i n  c o n g e s t e d ,  p o l l u t e d ,  
i n a d e q u a t e l y  s e r v i c e d ,  dangerous ,  and impersonal  l a r g e  ci t ies .  
However, o u r  e a r l i e r  r e s u l t s  b e l i e  t h i s  s u p p o s i t i o n ;  env i -  
ronmenta l  q u a l i t y ,  a t  l e a s t ,  i s  much b e t t e r  i n  h ighe r -  t h a n  
i n  lower-income communit ies .  
S u r p r i s i n g l y ,  i n c l u s i o n  o f  t h e  urban  form va r -  
i a b l e s  does  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  power o f  t h e  model, 
however, and t h u s  p r o p o s i t i o n  ( 6 )  i s  c a l l e d  i n t o  q u e s t i o n .  
Three  o f  t h e  s i g n s  a r e  i n  t h e  r i g h t  d i r e c t i o n  i f  p r o p e r t y  
v a l u e s  a r e  lower i n  t h e  d i s p e r s e d  c i t y  (deg rees  o f  a r c  
r a d i a l  highways +, and c i r c u m f e r e n t i a l  highways - )  b u t  t h e  
d e n s i t y  r a t i o  has the wrong s i g n  (+), and none o f  t h e s e  va r -  
i a b l e s  i s  s t a t i s t i c a l l y  s i g n i f i c a n t .  
Nor, f o r  t h a t  m a t t e r ,  a r e  t h e  envi ronmenta l  v a r i a b l e s  
s i g n i f i c a n t .  I f ,  f o r  example, t h e  envi ronmenta l  q u a l i t y  i n d i c a -  
t o r s  a r e  r e g r e s s e d  i n  t u r n  qn t h e  p r o p e r t y  v a l u e  r e s i d u a l s  from t h e  
TABLE 4 
REAL PROPERTY VALUES RELATED TO SELECTED 
CITY CHARACTERISTICS AND TO LAND USE M I X  
Independent v a r i a b l e s a  Regrescrion Coef f i c i en t s  
and t - S t a t i s t i c s  
Population of SMSA 
Dansity Ratio--SMWC. Ci ty  0.109. I (1.73) 
Uedian Family Income 
Percent  Employment i n  PIanufactwing -0.375. 1 (-2.82) 
Degree8 of Arc of Urban Area 
Radial Eighwaya i n  SMSA I 
Circumferent ia l  Highway8 
Res iden t i a l  Percantage 
. - 
Commercial Percentage 
I n d u s t r i a l  Percentage I 
Ext rac t ive  Percentage I 
Publ ic  Uses Percentage I 
T.C.U. Percerftage 
Open Space Percentage 
I n t e r c e p t  -16.228 
(-3.50) 
Coef f i c i en t  of Determination 0.875 
F - S t a t i s t i c  (4, 53) 
a Al l  v a r i a b l e s  transformed t o  n a t u r a l  loga r  
second equation in Table 4, the results reported in Table 5 
emerge. The incremental effect of environmental pollution on 
aggregate property values, holding constant the pollution 
effects arising directly from size, manufacturing concentra- 
tions, and income, is statistically insignificant. 
Inclusion of the different subsets of environmental 
variables into the basic equations, as in Table 6, provides 
no further insights. The power of the model is scarcely af- 
fected by their inclusion, even though the environmental 
variables are statistically significant. In the third model 
property values do appear to be marginally lower where SO2 
concentrations are greater, but for TSP concentrations the 
sign of the coefficient is in the opposite direction: pro- 
perty values are greater where particulate concentrations 
are higher. 
It thus follows that any effects on urban property 
values of environmental pollution are contained within the 
direct relationships between the city characteristics them- 
selves and property values; pollution effects are built in- 
to the parameters relating size (etc.) to the stream of net 
urban benefits. 
The questions posed in postulates (2)-(4) then arise. 
Table 7 and Figure 6 show that different city-size classes 
do indeed appear to display different relationships between 
TABLE 5 
R~ OF POLLUTION VARIABLES REGRESSED ON 
RESIDUALS FROM TABLE 4, EQUATION (2) 
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TABLE 6 
ENVIRONEENTAL VARIABLES INCLUDED IN BASIC REGRESSIONS 
Population of SMSA 
Density Ratio - SMSA/City 
Median Family Income 
$ Ehployment in Manufacturing 
Degrees of Arc 












Coef- Standard t Sta- 
ficients Errors tistics 
Model 2 Model 3 
Regres- 
sion 
Coef- Standard t Sta- 
ficients Errors tistics 
INTERCEPT 
COEFFICIENT OF DETERMINATION 
Regres- 
s ion 
Coef- Standard t Sta- 
ficients Errors tistics 
'Significant at .05 level 
-20.210 5.727 -3.52 
0.885 
-22.399 5.328 -4.20 
0.895 
-24.24 5.553 -4.54 
0.899 
TABLE 7 
RERL PROPERTY VALUES REGRESSED ON CITY CHARACTERISTICS 
FOR THREE CITY SIZE CLASSES 
a All variables transformed to natural logarithms 
*Significant at .05 level 
Independent variablesa 
Log SMsA Population 
Log Density - SMSA/City 
Log Median Family Income 
Log '3 Employed in Manu- 
facturing 
Log SO2 AVE. 
Log TSP AVE. 
INTERCEPT 




200,000 to 500,000 
Regression Standard t 
Coefficient Errors Statistics 
2.063. 0.839 2.46 
0.440. 0.188 2.34 
0.984 1.861 0.53 
-0.712. 0.326 -2.19 
0.338 0.266 1.27 
0.122 1.047 0.17 




20b,000 to 500,000 
Regression Standard t 
Coefficient Errors Statistics 
0.890. 0.249 3.57 
0.158. 0.082 1.94 
2.013. 0.724 2.78 
0.002 0.190 0.01 
-0.201. 0.095 -2.11 
0.661. 0.277 2.39 




200,000 to 500,000 
Regreeaion Standard t 
Coefficient Errors Statistics 
0.768. 0.183 4.30 
0.128 0.117 1.10 
3.157. 1.080 2.92 
-0.988. 0.387 -2.56 
-0.191 0.118 -1.61 
0.739 0.476 1.55 




RELATIONSHIPS OF PROPERTY VALUES AND POPULATION 
FOR THREE CITY,SIZE CLASSES 
! 
LO6 POPULATION, [ IN Ml l l lONSl  
p r o p e r t y  va lues  and popu la t ion  s i z e ,  w i t h  a  zone of agglom- 
e r a t i o n  economies i n  t h e  smal le r  s i z e  ranges ,  and n e t  d i s e -  
conomies s e t t i n g  i n  a t  l a r g e r  me t ropo l i t an  s i z e s .  
Even w i t h i n  s i z e  c l a s s e s ,  c i t y  s i z e  remains a n  impor- 
t a n t  determinant  of p r o p e r t y  v a l u e s ,  and manufacturing concen- 
t r a t i o n s  depress  them. I n  t h e  s m a l l e s t  c i t i e s ,  p roper ty  v a l u e s  
a r e  g r e a t e r ,  t h e  g r e a t e r  t h e  d i s p e r s i o n  o f  t h e  urban form 
(high SMSA/City d e n s i t y  r a t i o ) ,  a l though  t h i s  e f f e c t  drops  
o u t  i n  l a r g e r  urban r e g i o n s  whi le  income l e v e l s  become pro- 
g r e s s i v e l y  more s i g n i f i c a n t  i n  l a r g e r  p l a c e s .  The two a i r  
q u a l i t y  v a r i a b l e s  included i n  Table  7 a r e  s t a t i s t i c a l l y  s i g -  
n i f i c a n t  i n  t h e  middle s i z e - c l a s s ,  b u t  a g a i n  t h e  s i g n s  of  t h e  
c o e f f i c i e n t s  r a i s e  more q u e s t i o n s  than  they  answer. 
Table  8 and F igure  7 extend t h e  argument a  l i t t l e  f u r -  
t h e r .  Marginal improvements i n  f i t  emerge, moving from t h e  
l i n e a r  through t h e  q u a d r a t i c  t o  t h e  cub ic  fo rmula t ions  of  
t h e  p r o p e r t y  value-popula t ion r e l a t i o n s h i p .  I n  each c a s e ,  
t h e r e  a r e  s i g n i f i c a n t  p a r t i a l  e f f e c t s  of  income and manufac- 
t u r i n g  employment. The d e n s i t y  r a t i o  i s  s i g n i f i c a n t  through- 
o u t  w i t h  a  p o s i t i v e  s i g n ,  i n d i c a t i n g  t h a t  holding o t h e r  var-  
i a b l e s  c o n s t a n t ,  p roper ty  v a l u e s  a r e  g r e a t e r  i n  t h e  d i s p e r s e d  
r a t h e r  than  t h e  core -d i rec ted  c i t y .  Th i s  would, o f  course ,  
be t h e  s i t u a t i o n  when t h e  demand f o r  land of  any given l e v e l  
of  a c c e s s i b i l i t y  i s  r e l a t i v e l y  e l a s t i c ,  and i n d i c a t e s  that ,  
t h e  p r e d i l e c t i o n s  of  urban p lanners  no twi ths tand ing ,  urban 
v 
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sprawl  produces  the g r e a t e s t  stream o f  n e t  b e n e f i t s  o f  urban  
g rowth ,  d e s p i t e  t h e  g r e a t e r  p o l l u t i o n  l e v e l s  o f  t h e  d i s p e r s e d  
city no ted  e a r l i e r  (which h e l p s  e x p l a i n  t h e  s t a t i s t i c a l l y -  
s i g n i f i c a n t  p o l l u t i o n  v a r i a b l e s  w i t h  n o n s e n s i c a l  s i g n s  i n  
Tab le  8 1 . 
Most o f  t h e  r e s u l t s  i n  Tab le  8 a r e  c o n s i s t e n t  w i t h  t h o s e  
o f  H a r r i s  and Wheeler (Table 9 ) .  However, i n  c o n t r a s t  t o  
t h e  Harris-Wheeler r e s u l t s ,  w e  f i n d  no p o i n t  a t  which t h e r e  
i s  a n  a b s o l u t e  d e c r e a s e  of p r o p e r t y  v a l u e s  w i t h  i n c r e a s i n g  
s i z e .  
I n  t h e  q u a d r a t i c  model, p r o p e r t y  v a l u e s  a r e  g r e a t e r  t h a n  
i n  t h e  l i n e a r  c a s e  i n  t h e  r ange  between 185,000 and 2,400,000 
p o p u l a t i o n .  I n  t h e  c u b i c  f o r m u l a t i o n ,  t h e  lower i n f l e c t i o n  
p o i n t  i s  a t  720,000 p o p u l a t i o n  ( t h i s  i s  t h e  p o i n t  a t  which 
t h e  marg ina l  increment  i n  l a n d  v a l u e  from p o p u l a t i o n  i n c r e a s e  
i s  maximized) and t h e  upper i n f l e c t i o n  p o i n t  i s  a t  6,600,000 
p o p u l a t i o n .  Average l a n d  v a l u e  per  person  i s  maximized a t  
1 ,070,000 p o p u l a t i o n ,  beneath  which s i z e  t h e r e  a r e  i n c r e a s -  
i n g  r e t u r n s  t o  urban s c a l e ,  and beyond which r e l a t i v e  d i s -  
economies o f  i n c r e a s i n g  set i n .  These d iseconomies  must ,  
however, be  those of  c o n g e s t i o n ,  c r ime ,  e t c . ,  because  t h e  
e f f e c t s  o f  envi ronmenta l  p o l l u t i o n  a r e  p a r t i a l e d  o u t  by t h e  
independent  v a r i a b l e s  i nc luded  i n  t h e  e q u a t i o n .  
TABLE 9 
PARTIAL EFFECT OF POPULATION SIZE ON 
AGGREGATE PROPERTY VALUE 
R e g r e s s i o n s  by H a r r i s  and  P r e s e n t  
S i z e  C l a s s e s  Wheeler  S t u d y  
S i g n  S t a t i s t i c  S i g n  S t a t i s t i c  
+ 7 . 7  
c u b i c  E q u a t i o n  o n  H a r r i s  and  P r e s e n t  
T o t a l  Sample Wheeler  S t u d y  
S i g n  S t a t i s t i c  S i g n  S t a t i s t i c  
+ 1.1 + 1 . 4  Log Pop 
2 (POP) - -0 .9  - -1 .2  (Log poPl2  
V. SELECTED RELATIONSHIPS 
W I T H I N  METROPOLITAN REGIONS 
A v a r i e t y  of e x p l o r a t o r y  and exper imenta l  s t u d i e s  of 
l and  use-environmental p o l l u t i o n  r e l a t i o n s h i p s  were under- 
taken w i t h i n  met ropo l i t an  r e g i o n s  a f t e r  f i r s t  providing a  
d e t a i l e d  review f o r  each p o l l u t a n t  of  p a t t e r n s  of p o l l u t a n t  
sources  wi th in  met ropo l i t an  r e g i o n s ,  genera t ion  f a c t o r s ,  
d i f f u s i o n ,  d i s p e r s i o n  and t r a n s p o r t  mechanisms, e t c .  No 
a t t empt  was made t o  achieve comprehensiveness o r  complete- 
n e s s ,  because of t h e  l i m i t a t i o n s  i n h e r e n t  i n  t h e  d a t a  sources .  
Rather,  t h e  i n t e n t  was t o  i n v e s t i g a t e  p o t e n t i a l l y  f r u i t f u l  
l i n e s  of inqu i ry .  Two of t h e s e  l i n e s  w i l l  be noted h e r e ,  
because of t h e i r  d i f f e r e n t  l i n k s  t o  urban form: ( a )  s y s t e -  
mat ic  d e n s i t y  r e l a t i o n s ;  and ( b )  p a t t e r n s  of  water q u a l i t y  
i n  a  complex hydrologic  s i t u a t i o n .  
Sample Density Re la t ions  
I t  is known t h a t  popula t ion d e n s i t i e s  wi th in  urban r e g i o n s  
d rop  o f f  wi th  d i s t a n c e  from t h e  c i t y  c e n t e r  i n  a  nega t ive  ex- 
p o n e n t i a l  manner: 
where dx is  popula t ion d e n s i t y  a t  d i s t a n c e  x  from t h e  c i t y  
c e n t e r ,  Dc is d e n s i t y  a t  t h e  c i t y  c e n t e r ,  and B is  t h e  d e n s i t y  
g r a d i e n t ,  the r a t e  a t  which d e n s i t i e s  f a l l  wi th  i n c r e a s i n g  
d i s t a n c e .  
F u r t h e r ,  a t  each of  t h e  l a s t  censuses ,  bo th  the d e n s i t y  
g r a d i e n t  and c e n t r a l  d e n s i t i e s  have been r e l a t e d  t o  c i t y  s i z e  
( smal le r  c i t i e s  have a  s t e e p e r  g r a d i e n t  than  l a r g e r  c i t i e s ;  
l a r g e r  c i t i e s  have g r e a t e r  c e n t r a l  d e n s i t i e s )  b u t  t h e  form 
of  t h i s  r e l a t i o n s h i p  has changed a s  d e c e n t r a l i z a t i o n  has  pro- 
ceeded and urban forms have b e c ~ m e  more disposed:  
C l e a r l y ,  d e n s i t y - g r a d i e n t  r e l a t i o n s h i p s  a r e  one powerfu.7 
way of  examining urban form. What of r e l a t i o n s h i p s  between 
popu la t ion  d e n s i t i e s  and environmental  p o l l u t i o n ?  F i r s t ,  t h e  
t y p i c a l  a i r  p o l l u t i o n  map (Figure  8 )  y i e l d s  t h e  nega t ive  ex- 
p o n e n t i a l  r e l a t i o n s h i p  (Figure 9 ) .  Data ob ta ined  from t h e  
Nat ional  A i r  S u r v e i l l a n c e  Network enabled t h e  r e l a t i o n s h i p  t o  
be genera l i zed  f o r  p a r t i c u l a t e s  i n  seven of t h e  sample c a s e s  
F I G U R E  8 
AVERAGE ANNUAL S O s  RATES I N  THE 
DETROIT-WINDSOR AREA 
FIGURE 9 
SO3-DISTANCE RELATIONS IN DETROIT 
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(Table  1 0 ) .  Where Bx i s  the p a r t i c u l a t e  p o l l u t i o n  d e n s i t y  
g r a d i e n t  and B Is the p o p u l a t i o n  d e n s i t y  g r a d i e n t :  
P  
which i m p l i e s  t h a t  t h e  p a r t i c u l a t e  d e n s i t y  g r a d i e n t  should  
have changed from approximate ly  
B = -.0087 + 0.0021 I n  ( c i t y  s i z e )  
P  
i n  1950 t o  a  1970 g r a d i e n t  o f  
B P = -.094 + 0.0027 I n  ( c i t y  s i z e )  . 
S i m i l a r  r e l a t i o n s h i p s  w e r e  sugges t ed  f o r  n o i s e  and f o r  s o l i d  
wastes. 
Water Q u a l i t y  on a  Complex Hydrologic N e t  
The d i f f i c u l t i e s  t h a t  b e s e t  compara t ive  m e t r o p o l i t a n  
a n a l y s i s  o f  wa te r  q u a l i t y  because  o f  t h e  uniqueness  o f  t h e  
hydro log ic  n e t  and l o c a t i o n s  o f  d i s c h a r g e s  w e r e  i l l u s t r a t e d  
i n  a  c a s e  s t u d y  o f  t h e  S e a t t l e - E v e r e t t  SMSA. S e v e r a l  f a c t o r s  
were t hough t  t o  make S e a t t l e  an  i d e a l  test c a s e :  
TABLE 1 0  
COMPARATIVE POPULATION DENSITY 
AND POLLUTION INTENSITY-DATA 
P o p u l a t i o n  D e n s i t y  P o l l u t i o n  L e v e l :  P a r t i c u l a t e s  
C e n t r a l  C i t y  S u b u r b a n  R a t i o  C e n t r a l  C i t y  S u b u r b a n  R a t i o  
Birmingham 3 , 7 8 6 . 1 6  1 6 5 . 8 1 5  22.83 160 .875  122 .073  1 . 3 8 3  
C h i c a g o  1 5 , 1 0 7 . 0 0  1 , 0 3 2 . 4 8  1 4 . 6 3  ' 32.858 23 .289  1 . 4 1 1  
C i n c i n n a t i  5 , 7 8 7 . 4 5  450.318 12 .8  5  96.462 86.328 1 . 1 1 7  
Denver  5 ,409 .66  200.01 27 .05  1 3 1 . 4 9 3  88 .079  1 . 4 9 3  
Oklahoma C i t y  1 , 2 2 7 . 0 1  148.64 8 .26 106 .673  55.304 1 .929  
S e a t t l e  5 , 1 8 1 . 5 8  203.35 25.08 53.757 42.357 1 . 2 6 9  
Wash ing ton ,  D.C. 1 2 , 3 1 2 . 7 0  918.97 13 .39  62.046 51.470 1 .594 
11 There  a r e  three major d r a i n a g e  b a s i n s  which a r e  l o -  
c a t e d  e n t i r e l y  w i t h i n  t h e  SMSA. 
2 )  There i s  much p h y s i c a l  d i v e r s i t y  w i t h i n  t h e  r e g i o n ,  
r ang ing  from mountainous headwaters  t o  a l l u v i a l  
lowlands.  
3 )  Locat ion  on Puget  Sound p r o v i d e s  a n  e x c e l l e n t  op- 
p o r t u n i t y  f o r  app ly ing  a  g e n e r a l  wa te r  q u a l i t y  i n -  
dex  t o  marine wa te r s .  Here to fo re ,  such indexes  
have on ly  been a p p l i e d  t o  r i v e r s  o r  l a k e s .  
4 )  The C i t y  of  S e a t t l e  c o n t a i n s  a  h e a v i l y - i n d u s t r i a -  
l i z e d  e s t u a r y ,  a  CBD on a  bay,  t h e  l a r g e s t  f r e s h -  
water  l a k e  w i t h i n  a  m e t r o p o l i t a n  a r e a  and numer- 
ous  r i v e r s .  
5 )  The a r e a  e a s t  o f  Lake Washington i s  expanding and 
is  expected  t o  c o n t i n u e  t o  do s o ,  p r e s e n t i n g  a  
problem i n  water  r e s o u r c e  p lanning.  
6 )  Waters from t h e  mountains r e a c h  t h e  lowlands i n  
unpo l lu t ed  c o n d i t i u n .  There a r e  no major SMSAs 
upstream from S e a t t l e - E v e r e t t .  
7 )  There i s  adequa te  coopera t ion  and t r a n s f e r  of da- 
t a  between a l l  agenc ies  which moni tor  water  q u a l i t y  
i n  t h e  r e g i o n  ( i . e .  Department of  Ecology, EPA, 
METRO and U.S. Geologica l  Survey) .  
8 )  The C i t y  o f  S e a t t l e  has  exper ienced and r eve r sed  
s e r i o u s  degrada t ion  of i t s  w a t e r s .  
F i r s t ,  p e r m i s s i b l e  water  q u a l i t y  s t a n d a r d s  were d e r i v e d  
from S t a t e  of Washington r e g u l a t i o n s  f o r  t h r e e  use  groupings  
f o r  b o t h  f r e s h  and marine w a t e r s  (Tables 11, 12 and 1 3 ) .  
Next, d a t a  w e r e  o b t a i n e d  from t h e  EPA STORET system through 
t h e  Region X o f f i c e  i n  S e a t t l e .  A PGM-INVENT r e q u e s t  was 
made f o r  a l l  s t a t i o n s  w i t h i n  t h e  g e n e r a l  boundar ies  of  t h e  
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TABLE 12 
P E W I S S I B L E  QUALITY LEVELS FOR VARIOUS 
FRESHWATER USES I N  THE STATE OF WASIIINGTON 
088 P a r a m e t e r s  
1 2 3 4  5 6 7 8 9 1 0  11 1 2  1 3  14 
( A  - 1  5 5 5 6.5-8.5 240 500 5 1 0  1 5 0  1 0 0  250  .35 250  8 .0  
(8) 3-2 2 1 . 0  1 0  1 0  6.5-8.5 1 0 0 0  500  1 0  1 0  1 5 0  1 2 5  250 .35  250 6.5 
(C) 3-3 2 4 . 0  1 0  1 0  6 .0 -9 .0  1000  500  1 0  4 5  7 5  1 0 0  250  .ll 250 5 . 0  
Parameters :  
Tampera ture 
Color  
T u r b i d i t y  
PH 
T o t a l  ColifOrm B a c t e r i a  
T o t a l  Disso lved  S o l i d s  
Suspended S o l i d s  
T o t a l  Ni t rogen  
To t a l  A l k a l i n i t y  
T o t a l  Hardness 
Ch l o r i de  
T o t a l  I r o n  and Manganese 
S u l f a t e  
Disso lved  Oxygen 
Plat inum-Cobalt  U n i t s  
Jackson T u r b i d i t y  U n i t s  
S tandard  U n i t s  


























TABLE 1 3  
PERMISSIBLE QUALITY LEVELS FOR VARIOUS 
M I N E  WATER USES I N  THE STATE OF WASHINGTON 
P a r a m e t e r s  
Use 
1 3 4  5  1 4  
Source  f o r  p a r a m e t e r s  1, 3 ,  4 ,  5,  1 4 :  Water P o l l u t i o n  C o n t r o l  Com- 
m i s s i o n ,  S t a t e  of  Washington, "A R e g u l a t i o n  R e l a t i n g  t o  Water 
Q u a l i t y  S t a n d a r d s  f o r  I n t e r s t a t e  and  C o a s t a l  Waters  o f  t h e  S t a t e  
o f  Washington and a  P l a n  f o r  Implementa t ion  and  Enforcement o f  
Such S t a n d a r d s ,  " 1967. 
Remaining c r i t e r i a  d e r i v e d  from t h e  f o l l o w i n g :  
a )  American Water Works A s s o c i a t i o n ,  "Water Q u a l i t y  and  T r e a t -  
ment , "  1950. 
b )  Eugene Brown, M. W. Skougstad and M. J .  Fishman,  "Methods f o r  
C o l l e c t i o n  and A n a l y s i s  o f  Water Samples f o r  Disso lved  M i n e r a l s  
and G a s s e s , "  U.S. G e o l o g i c a l  Survey Techniques  o f  Water-Resources 
I n v e s t i g a t i o n ,  1970. 
C )  C a l i f o r n i a  S t a t e  Water P o l l u t i o n  C o n t r o l  Board, 1952. 
d )  C a l l f o r n i a  S t a t e  Water Q u a l i t y  C o n t r o l  Board, Water Q u a l i t y  
C r i t e r i a ,  1963. 
e )  John D. Hem, "Study and I n t e r p r e t a t i o n  o f  t h e  Chemical Char- 
a c t e r i s t i c s  o f  N a t u r a l  Water , "  1970.  
f )  R. 0 .  S y l v e s t e r  and C a r l  A. Ranbow, E l e t h o d ~ l o q y  i n  E s t a b l i s h -  
i n g  W a t e r - Q u a l i t y  S t a n d a r d s  i n  Water Resources  Planacjement and 
p u b l i c  P o l i c y ,  1 9 6 8 .  
g l  U.S. F e d e r a l  Water P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n ,  Committee 
on  Water Q u a l i t y  C r i t e r i a ,  1968. 
h )  U.S. P u b l i c  H e a l t h  S e r v i c e ,  "Dr inking  Water S t a n d a r d s , "  1962. 
Enough information was pravided t o  enable  the water qua l i t y  
indexes t o  be computed f o r  a  sampling network of 160 nat ions.  
However, no source l i s t e d  t h e  loca t ions  of t he  s t a t i o n s ,  and 
much e f f o r t  had t o  be expended t o  be ab l e  t o  l oca t e  them (Fig- 
ure  101. Likewise, information on t h e  known po l lu t an t  discharges 
i n  t he  metropolitan a rea  had t o  be hand pul led t o  complement 
a  RAPP r e t r i e v a l  requested from the  EPA STORET system fo r  t he  
year 1971. Detailed information was obtained f o r  a l l  indus- 
t r i e s  which had f i l e d  an app l i ca t i on  f o r  a  permit t o  discharge 
e f f l u e n t  i n t o  t he  waterways within t he  EPA region. Only a  
port ion of the  t o t a l  discharge i s  accounted f o r  by the  re-  
t r i eved  information but it was s u f f i c i e n t  t o  e luc ida t e  t he  
concentrat ions of industry.  Figure 11 shows the  loca t ions  of 
pipes  discharging e f f l u e n t  i n t o  t he  r eg ion ' s  waterways. The 
heavies t  grouping of i n d u s t r i a l  discharges i s  a t  the  mouth of 
t he  Duwamish River. 
F ina l ly ,  the  water q u a l i t y  indexes were computed (Table 
1 4 ) ,  indexes exceeding 1.0 ind ica t ing  substandard water. 
Clear ly ,  S e a t t l e  has been ab l e  t o  achieve s i g n i f i c a n t  water 
q u a l i t y  f o r  a l l  purposes except i n  s p e c i f i c  land-use r e l a t ed  
c l u s t e r s :  On t h e  Snoqualmie River and i n  Everet t  t o  the nor th ,  
i n  t h e  Duwamish River i n d u s t r i a l  a r ea  of S e a t t l e ,  and adja- 
cen t  t o  Tacoma's industr ia l  complex t o  t he  south--and then 
only f o r  dr inking use! While c e r t a i n  obvious genera l iza t ions  
can be made, t h e  r e s u l t s  i nd i ca t e  t h a t  each metropolitan 
OENERAL AREA OF STATIONS WITHIN  CLUSTERS 
FIGURE 10 
THE SAMPLING NETWORK OF 160 STATIONS 
FIGURE 11 
LOCATION OF DISCHARGES 
TABLE 14 
WATER QUALITY INDEXES FOR 








Marine S t a t i o n s  
P12 P14 

h y d r o l o g i c  network c r e a t e s  a  unique s i t u a t i o n  demanding r e -  
p e t i t i o n  of any a n a l y s i s  on a  d e t a i l e d  b a s i s ,  r a t h e r  t han  
a p p l i c a t i o n  of  any g e n e r a l i z e d  model. 
V I .  POLLUTION RELATIONSHIPS AND 
URBAN DYNAMICS 
To summarize, t h e r e  a p p e a r s  c l e a r  e v i d e n c e  t h a t  urban  
form p l a y s  a s i g n i f i c a n t  r o l e  i n  t r a n s l a t i n g  b a s i c  c i t y  c h a r -  
a c t e r i s t i c s  ( s i z e ,  d e n s i t y  and t h e  economic b a s e )  i n t o  land  
use ,  and t h a t  t h e  l a n d  use  p a t t e r n  i s  i n  t u r n  d i r e c t l y  r e l a t e d  
t o  t h e  n a t u r e  and i n t e n s i t y  o f  env i ronmen ta l  p o l l u t i o n .  Most 
i m p o r t a n t l y ,  ho ld ing  c o n s t a n t ' t h e  e f f e c t s  o f  c i t y  s i z e  and 
manufac tur ing  c o n c e n t r a t i o n s ,  and c o n t r o l l i n g  f o r  an  i n v e r s e  
r e l a t i o n s h i p  between income l e v e l s  and p o l l u t i o n ,  we f i n d  
t h a t :  
1) The c o r e - o r i e n t e d  urban  r e g i o n  w i t h  a  r a d i a l  t r a n s -  
p o r t a t i o n  network and a  s t e e p  d e n s i t y  g rad ien t - -  
a )  d i s p l a y s  g r e a t e r  i n t e n s i t y  o f  l and  u s e ,  a  lower 
pe rcen tage  o f  land  developed and used f o r  r e s i -  
d e n t i a l  and commercial pu rposes ,  and more open 
space ,  and 
b )  a s  a  consequence oE t h i s  l a n d  use  mix and p a t t e r n ,  
h a s  i n c r e m e n t a l l y  s u p e r i o r  a i r  and water  q u a l i t y .  
2 )  The d i s p e r s e d  urban  r e g i o n ,  which has  a  less focussed  
t r a n s p o r t  network and lower ,  more uniform p o p u l a t i o n  
d e n s i t i e s .  T h i s  urban  form-- 
a )  d i s p l a y s  urban  sp rawl ,  w i t h  a  h i g h e r  pe rcen tage  
o f  r e s i d e n t i a l  and commercial l a n d  use  and l e s s  
open space  t h a n  i n  t h e  c o r e - o r i e n t e d  c a s e ,  and 
b )  a s  a  consequence of  t h i s  land  u s e  mix, has  i n c r e -  
m e n t a l l y  i n f e r i o r  a i r  and wa te r  q u a l i t y .  
In what ways a r e  t h e s e  c i rcumstances  of environmental  
p o l l u t i o n  r e f l e c t e d  i n  l e v e l s  o f  w e l f a r e ?  It has  been shown 
t h a t  proper ly-s t ructured  economic models of p r o p e r t y  v a l u e s  
can b e  g iven a  d i r e c t  i n t e r p r e t a t i o n  i n  t e r m s  of t h e  i n d i -  
v i d u a l ' s  w i l l i n g n e s s  t o  pay f o r  environmental  q u a l i t y .  Does 
t h e  same r e l a t i o n s h i p  hold between t h e  aggrega te  p roper ty  
v a l u e s  of  an urban r e g i o n  and t h e  l e v e l s  of  environmental  
p o l l u t i o n  i n  t h a t  r eg ion?  I f  aggrega te  p roper ty  v a l u e s  do  
express  s t reams of n e t  b e n e f i t s  acc ru ing  t o  l and  uses  w i t h i n  
an  urban a r e a ,  t a k i n g  i n t o  account  a l l  b e n e f i t s  and c o s t s ,  
i n c l u d i n g  agglomeration economies and n e g a t i v e  e x t e r n a l i t i e s ,  
t h e n  p roper ly - s t ruc tu red  economic models should be  capab le  
of i n t e r p r e t a t i o n  i n  terms of t h e  aggrega te  w i l l i n g n e s s  of  
urban r e s i d e n t s  t o  pay f o r  whatever advantages t h e i r  urban 
reg ion  has  t o  o f f e r .  
I n  f a c t ,  w e  have found t h a t  t h e  aggrega te  p roper ty  v a l u e s  
of  urban r e g i o n s  va ry  d i r e c t l y  wi th  t h e i r  popu la t ion  s i z e  
( t h e  e l a s t i c i t y  l y i n g  between 0.85 and 0 .89)  and median i n -  
come l e v e l s  ( e l a s t i c i t y  between 2.14 and 2.331, and i n v e r s e l y  
w i t h  manufacturing c o n c e n t r a t i o n s  ( e l a s t i c i t y  between -0.37 
and -0 .48) .  A cubic  r e l a t i o n s h i p  t o  c i t y  s i z e  r e v e a l s  t h a t  
n e t  agglomeration economies a r e  p r e s e n t  i n  urban r e g i o n s  up 
t o  a  s i z e  of 2.5 m i l l i o n s ,  w i t h  maximum proper ty  va lues  p e r  
c a p i t a  i n  urban r e g i o n s  of  around 1 m i l l i o n  people ,  t h a t  n e t  
diseconomies  of q r e a t e r  s i z e  t a k e  their t o l l  between 2.5 
and 6.0 m i l l i o n s ,  and t h a t  i n c r e a s i n g  r e t u r n s  are found 
once  a g a i n  i n  the l a r g e s t u r b a n  r e g i o n s .  Most i m p o r t a n t l y ,  
v a r i a b l e s  r e p r e s e n t i n g  l e v e l s  o f  envi ronmenta l  p o l l u t i o n  
add no e x p l a n a t i o n  t o  t h e  model n o t  a l r e a d y  p rov ided  by 
s i z e ,  economic base  and income l e v e l s .  Any d e p r e s s i n g  
e f f e c t s  o f  p o l l u t i o n ,  c o n g e s t i o n  and crime on t h e  q u a l i t y  
o f  urban  l i f e  a r e  expres sed  i n  t h e  f a c t  t h a t  t h e  e l a s t i c i t y  
o f  p r o p e r t y  v a l u e s  w i t h  r e s p e c t  t o  p o p u l a t i o n  s i z e  i s  less 
t h a n  one ,  t h a t  t h e  c o e f f i c i e n t  a t t a c h e d  t o  manufac tur ing  
c o n c e n t r a t i o n s  i s  n e g a t i v e ,  and that t h e r e  i s  a  s e l f - s e l e c -  
t i v i t y  r e f l e c t e d  i n  t h e  f a c t  t h a t  t h e  r e l a t i o n s h i p  t o  i n -  
come l e v e l s  i s  p o s i t i v e  and l a r g e .  
To c s m p l i c a t e  m a t t e r s ,  t h e  l e v e l s  o f  a g g r e g a t e  p r o p e r t y  
v a l u e s  a s s o c i a t e d  w i t h  d i f f e r e n t  urban  forms a r e  e x a c t l y  re- 
v e r s e  o f  what might  be p r e d i c t e d  from l e v e l s  o f  p o l l u t i o n .  
c o n t r o l l i n g  f o r  t h e  b a s i c  c i t y  c h a r a c t e r i s t i c s  once a g a i n ,  
a g g r e g a t e  p r o p e r t y  v a l u e s  a r e  g r e a t e r  i n  t h e  lower-dens i ty  
d i s p e r s e d  urban r e g i o n  than  i n  t h e  h igh -dens i ty ,  c o r e - o r i e n t e d  
u rban  c e n t e r .  Th i s  means e i t h e r  t h a t  t h e r e  a r e  c e r t a i n  r e a l  
advan tages  o f  d i s p e r s i o n  t h a t ,  i n  b a l a n c e ,  o f f s e t  t h e  g r e a t e r  
p o l l u t i o n  l e v e l s  a s s o c i a t e d  w i t h  t h i s  urban  form o r  t h a t  t h e r e  
a r e  other n e g a t i v e  e x t e r n a l i t i e s  p r e s e n t  i n  t h e  co re -o r i en ted  
c i t i e s  of  t h e  U.S. that  o f f s e t  any p o s i t i v e  e f f e c t s  on pro-  
p e r t y  v a l u e s  imbued by t h e i r  r e l a t i v e l y  s u p e r i o r  l e v e l s  o f  
envi ronmenta l  q u a l i t y .  Whichever o f  t h e s e  r e a s o n s  i s  c o r r e c t ,  
t h e  r a p i d  c o n t i n u i n g  d e c e n t r a l i z a t i o n  o f  American u r b a n r e -  
g i o n s  (which i s  documented i n  some new ways i n  t h e  main r e -  
p o r t )  i s  c o n s i s t e n t  w i t h  ad jus tmen t s  t o  urban form i n  res- 
ponse t o  t h e  n e t  b e n e f i t s  o f  d i s p e r s i o n ,  w h i l e  c a r r y i n g  w i t h  
it t h e  p r o b a b i l i t y  t h a t  envi ronmenta l  q u a l i t y  w i l l ,  a s  a  
r e s u l t ,  worsen. 
Urban dynamics, t h e n ,  a l l  p o i n t  i n  t h e  same d i r e c t i o n :  
i n c r e a s i n g  s i z e ,  i n c r e a s i n g  d i s p e r s i o n  and i n c r e a s i n g  au to -  
mobi le  usage  a r e  producing  t h e  v e r y  urban  forms and l a n d  use  
p a t t e r n s  t h a t  w i l l  i n c r e a s e  r a t h e r  t h a n  d e c r e a s e  environmen- 
t a l  p o l l u t i o n .  
F i g u r e  12 p r o v i d e s  a  p i c t u r e  of  t h e  p o l i c y  a l t e r n a t i v e s  
t h a t  a r i s e .  One can change p o l l u t i o n  by: 
1) Removing, changing and d i s p e r s i n g  p o l l u t a n t s  pro-  
duced by e x i s t i n g  a c t i v i t i e s .  
2 )  Changing t h e  n a t u r e  o f  t h e s e  a c t i v i t i e s .  
3 )  Changing urban forms through r e l o c a t i o n  of  peop le  
and a c t i v i t i e s .  
C u r r e n t l y ,  EPA's r e g u l a t o r y  approaches  f o c i ~ s  on t h e  f i r s t  of 
t h e s e  a l t e r n a t i v e s .  lluch o f  t o d a y ' s  ecoac t iv i sm i s  d i r e c t e d  
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(after Grava, 1 9 6 9 )  
t o  the second. What i s  suggested by t h e  r e s u l t s  o f  this s tudy ,  
and supported by t h e  work of o t h e r s ,  i s  t h a t  t h e  t h i r d  repre-  
s e n t s  an  a l t e r n a t i v e  worthy of cons idera t ion .  
The urban form v a r i a b l e  i s ,  of course ,  q u i t e  complex. 
It can be  s p e c i f i e d  microscopical ly  i n  terms of t h e  d e t a i l e d  
l o c a t i o n s  of jobs,  r es idences ,  commercial a r e a s ,  r e c r e a t i o n  
a r e a s ,  and vacant ,  non-urban l and ,  wi th  p a r t i c u l a r  a t t e n t i o n  
t o  t h e  l o c a t i o n  of heavy p o l l u t i n g  f a c i l i t i e s  (power s t a t i o n s ,  
f o r  example). A t  a higher  l e v e l  of g e n e r a l i z a t i o n ,  it can 
be s p e c i f i e d  i n  terms of i t s  d e n s i t y  ( a r e a l  i n t e n s i t y  of a c t -  
i v i t i e s  and e l e m e n t s ) ,  t h e  mixture o r  separatedness  of u s e s ,  
t y p e  and s t r u c t u r e  of t h e  t r a n s p o r t a t i o n  network and t h e  t ime 
dimension of t h e  u t i l i z a t i o n  of i t s  space.  O r ,  a t  t h e  most 
genera l i zed  l e v e l ,  urban form may be approached i n  terms of 
p l a u s i b l e  s p a t i a l  conf igura t ions :  compact ve rsus  d i spersed ,  
s i n g l e  n u c l e i  versus  m u l t i p l e  n u c l e i ,  those  which adapt  t o  
growth as c o n t r a s t e d  wi th  those  which have predetermined s i z e .  
Findings a t  $11 l e v e l s  complement our  own. A t  l e a s t  
t h r e e  s t u d i e s  have shown t h a t  core -or ien ted ,  r a d i c a l l y - s t r u c -  
tu red  urban forms could reduce p o l l u t i o n :  
Har t ford .  A i r  q u a l i t y  would be improved by cor -  
r i d o r  development r a t h e r  than sprawl. 
Chicago. S i g n i f i c a n t  a i r  q u a l i t y  improvements 
would r e s u l t  from a r a d i a l  f i n g e r  p lan .  
S e a t t l e .  Emissions would be reduced by c o r r i d o r  
development. 
The dilemma in t h e s e  f i n d i n g s  i s  this: i f  environmental  
p o l l u t i o n  is  t o  be changed by changing urban form, no th in3  -
l e s s  t h a n  r e v e r s a l  of p r e s e n t  urban development d i r e c t i o n s  
must be achieved.  But t o  s t a t e  t h i s  is  t o  h i g h l i g h t  t h e  
n a t i o n ' s  c u r r e n t  land use  and urban p o l i c y  problem, which 
i s  t h a t  t h e r e  i s  no n a t i o n a l  l and  use o r  urban p o l i c y  ex- 
c e p t  t o  accep t  t h e  consequences of  c u r r e n t  developments 
(which, admi t t ed ly ,  do produce t h e  g r e a t e s t  r e t u r n s ) .  The 
l a c k  of  n a t i o n a l  w i l l  i n  t h i s  r egard  was h i g h l i g h t e d  no more 
c l e a r l y  t h a n  i n  P r e s i d e n t  Nixon's Report on Nat ional  Growth 
1972 (pp. 3 0 - l ) ,  i n  which it was s t a t e d :  
-
P a t t e r n s  o f  growth a r e  inf luenced by c o u n t l e s s  
d e c i s i o n s  made by i n d i v i d u a l s ,  f a m i l i e s  and busi -  
nesses .  These d e c i s i o n s  a r e  aimed a t  achieving 
t h e  personal  g o a l s  of  those  who make them, and 
r e f l e c t  hea l thy  f r e e  cho ices  i n  our  s o c i e t y .  Lo- 
c a t i o n a l  s h i f t s  by i n d i v i d u a l s  r e f l e c t ,  i n  p a r t ,  
a  sea rch  f o r  b e t t e r  job o p p o r t u n i t i e s  o r  f o r  a  
b e t t e r  c l i m a t e ,  whi le  businessmen r e l o c a t e  where 
they  can o p e r a t e  most e f f e c t i v e l y  and t h e r e f o r e  
make t h e  most p r o f i t .  
The f a c t o r s  t h a t  i n f l u e n c e  t h e s e  d e c i s i o n s  
may be s u s c e p t i b l e  t o  changes t h a t  w i l l  a l t e r  t h e  
emerging growth p a t t e r n s ,  b u t ,  i n  a    at ion t h a t  
v a l u e s  freedom i n  t h e  p r i v a t e  s e c t o r  and demo- 
c r a t i c  cho ice  i n  t h e  p u b l i c ,  t h e  d e c i s i o n s  them- 
s e l v e s  cannot  be d i c t a t e d . . . I t  i s  n o t  f e a s i b l e  
f o r  t h e  h i g h e s t  l e v e l  of  government t o  des ign  
o l i c i e s  f o r  development t h a t  can o p e r a t e  suc- 
E e s s f u l l y  i n  a l l  p a r t s  of t h e  Nation. L ~ m ~ h a s i s  
added.] . 
What, then, a r e  " t h e  f a c t o r s  that.. .may b e  s u s c e p t i b l e  t o  
change"? In the words o f  t h e  Nixon r e p o r t ,  t h e y  i n c l u d e  " lo -  
c a l  t a x  l e v i e s ;  the l o c a t i o n  o f  p u b l i c  f a c i l i t i e s  and r o a d s ;  
t h e  e x t e n s i o n  o f  sewer,  w a t e r ,  e l e c t r i c ,  and g a s  s e r v i c e s ;  
s p e c i f i c  zoning and b u i l d i n g  r e g u l a t i o n s ;  and t h e  approva l  
o f  development p l a n s . "  Even t o  make changes  w i t h  r e s p e c t  t o  
t h e s e  f a c t o r s  a t  a  l o c a l  l e v e l  w i l l  demand t h a t  t h e  p r e s e n t  
l i m i t s  o f  l a n d  u s e  p l ann ing  be extended i n  a t  l e a s t  t h r e e  
ways a s  d e f i n e d ,  f o r  i n s t a n c e ,  by ( K a i s e r  e t  a l . ,  1973) :  
1) By r e d e f i n i n g  comprehensive p l ann ing  t o  r e f l e c t  
envi ronmenta l  o b j e c t i v e s .  
2)  By i n c l u d i n g  envi ronmenta l  system in fo rma t ion ,  
concern  f o r  p h y s i c a l  p r o c e s s e s  o p e r a t i n g  i n  t h e  
b iosphe re ,  and r e l a t e d  e v a l u a t i o n  c r i t e r i a ,  i n  
t h e  l and  u s e  p l ann ing  p rocess .  
3 )  Through development of  a n  adequa te  l a n d  u s e  guid-  
ance  sys tem,  i n v o l v i n g  u s e  of  p u b l i c  f a c i l i t y  de-  
c i s i o n s  t o  c o n t r o l  t h e  s p a t i a l  l o c a t i o n s  and t i m -  
i n g  of  development. 
But ,  t o  a c h i e v e  t h e s e  e x t e n s i o n s  s o  t h a t  new urban develop- 
ment c a n  b e  c a s t  i n t o  more d e s i r a b l e  urban  forms w i l l  demand 
t h a t  l a n d  u s e  p l ann ing  d e c i s i o n s  be made and p o l i c i n g  power 
b e  a p p l i e d  e f f e c t i v e l y  a t  t h e i r  c u r r e n t l y  weakest  l e v e l ,  t h a t  
o f  t h e  metropolis, s o  t h a t  r e a s o n a b l e  c l o s u r e  be  achieved w i t h  
r e s p e c t  , t o  t h e  l a n d  u s e  system whose development p a t h  it i s  
hoped t o  r e d i r e c t .  The f a c t  t h a t  most l and  development d e c i -  
s i o n s  remain p r i v a t e  t oday ,  r e f l e c t i n g  t h e  p r e v a i l i n g  a t t i t u d e  
t h a t  l and  i s  a p r i v a t e  commodity rather than  a p u b l i c  re- 
source ,  combined w i t h  a b a l k a n i z a t i o n  of  a v a i l a b l e  land 
guidance t echn iques  among competing l o c a l  governments, s e r v e  
t o  produce o u r  urban f u t u r e  by incrementa l  d r i f t .  Radical  
changes in a t t i t u d e s  a r e  r e q u i r e d ,  involving nothing less 
t h a n  a new land  e t h i c  under which p r e v a i l i n g  systems of  
v a l u e s  a r e  s h i f t e d  r a d i c a l l y ,  i f  n a t i o n a l  environmental  pol- 
i c y  is t o  be  promoted by changed d i r e c t i o n s  of  urban devel-  
opment. 
